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1. Introduction

In RAN1#47 it was decided that downlink control signaling is located in the first n OFDM symbols with n ( 3 and with the earliest DL data transmission start at the same OFDM symbol as the control signaling ends. Each UE is required to monitor multiple convolutionally coded control channels. Each control channel carries information for one MAC ID and supports at least two formats.  In this contribution, the downlink L1/L2 non-persistent control channel (CCH) design is considered.
2. CCH Performance Techniques
Figure 1 shows one implementation of the TDM separate-coding scheme agreed to in RAN1#47 meeting for n=2.  Frequency diversity is obtained for the control channel where the resource elements (REs) of each control channel element (CE) - where a control channel is composed of 1 or more CEs - are distributed over the entire bandwidth of all n control symbols. The number of REs for each CE will be less in the first control symbol than the second considering DL RS, cat ‘0’ region (if present), and UL ACK/NACK overhead (ignored in diagram) but this is better from a power sharing perspective than restricting REs of a CE to be in only one control symbol.
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Figure 1 – Separate coding CCH TDM format
Several important techniques to enhance CCH transmission reliability are highlighted as follows:
· Power control: Power sharing may be applied between CCHs. A wide-band CQI determines CCH power control and corresponds to distributed resource element allocation for CCHs.
· Interference avoidance: Obtained by offsetting CCH starting location within different eNodeB.
· Link Adaptation: Having coding as a coarse link adaptation with power control secondary helps minimize the effects of (a) other cells doing similar power balancing, and negating the effects, and (b) power control error. A small MCS set is used based on aggregation.
· Admission control: A UE with CQI lower than a threshold should not be scheduled immediately, but deferred a few TTI until CQI improves. This threshold is in addition to the ‘normal’ proportional fair metric (PFM), and is shown to minimize control channel resources and improve sector throughput without affecting fairness (normalized user throughput CDF)
· Packing: Remove UE CCH from scheduling queue when insufficient CCH resource elements (REs) in TTI.  UE’s PFM continues to evolve so it is more likely a scheduling candidate in the following TTIs. The CCH resource can then be reallocated to another UE with better coverage.
3. Convolutional Coding and Link Adaptation
Reliable cell edge coverage requires an effective coding rate of ~ R=1/9 [5].  With multiple CCHs it is possible to borrow power from other (persistent, non-persistent, UL ACK/NACK) CCHs assigned to less coverage limited UEs and relax the worst case required encoding rate (see ANNEX A).  The number of REs (
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) required to support 30 information bits + 16-bit CRC (Npayload =46) with R ~ 2/3 convolutional coding and QPSK modulation corresponding to ~30% area coverage is:
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For good CCH performance different coding schemes are necessary.  One approach is to define a set of control channel elements all of the same size (e.g. 36 REs) with one coding rate set for DL scheduling grants and another for UL.  Multiple CEs can be combined to effectively reduce effective coding rate as indicated in Table 1. With CEs of size 36 RE then a total of 13 (e.g. 468 REs total – see ANNEX B) can be supported for the 5 MHz carrier case. Chase combining can be used given the CEs are identical (repeated). A UE control channel assignment would be based on DL CQI information reported by each UE.  
Table 1 – 5 MHz Example: Predefined Effective coding rates for L1/L2 CCHs

4. 
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=46 bits)

1 0.528 0.639

2 0.264 0.319

3 0.176 0.213

4 0.132 0.160

5 0.106 0.128

6 0.088 0.106

7 Not Used 0.091

Effective Encoding Rate (R) for CCHs

UL MCS    

R ~1/2 CEs combined to 

achieve lower 

Effective R

     DL MCS,  R ~ 2/3            


For the 5MHz carrier example there are 13 CEs each with 36 REs.  Combining of different numbers of CEs results in different search patterns or combining candidates.  A UE would try each pattern to detect its CCH.  The number of decoding attempts could be reduced by signaling or by organizing the order of the attempts based on some criteria, e.g., UE reported CQI.  With different MCS for UL and DL then the same UEID can be used to mask the CRC.  System performance results (see ANNEX C) show no significant degradation for this technique and also showed almost no sensitivity to whether Chase or IR combining was used.
5. Conclusions 

A simple downlink L1/L2 non-persistent control channel design has been proposed based on fixed size control channel elements which are combined in a predetermined manner to achieve different effective coding rates.  Each UE attempts UL and DL CCH detection by searching for combining candidates.  Negligible system performance loss was shown for the CCH design.  The following is then proposed:
- Fixed size control channel elements (CEs) 
- Combining of CEs to achieve different effective encoding rates (format types)

- Minimize #CCH detection attempts and n while achieving >98% capacity (e.g. for case 1 and 3)
- UEs monitor subset of possible control channels but without need of signaling to direct searches
- Physical mapping of ACK/NACK channels is implicitly derived based on the physical location of the successfully decoded control channel.

- If n increases then the #CEs remains the same but the #REs per CE increase to allow better coverage or to support more REs needed for dedicated DL RS for MIMO. Keeping #CEs constant reduces UE search complexity.

- For higher bandwidth carriers both the #CEs and the #REs per CE increase to account for the larger resource allocation map and the need for increased number of scheduled UEs.
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ANNEX A

Coding Rate Requirement with Power Sharing

For TU 3km/h channel with 2x2 (2 antenna CSD transmit diversity x 2 receive diversity) the required Es/Nt per antenna for convolutional coding with effective R=1/10 is -5dB while for 1x2 it is -2 dB [1].  By borrowing available power from other channels it is possible to boost a particular channel’s power level to obtain a coding rate relaxation while achieving cell edge coverage as shown in Table A1.
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Figure 3 – Per Antenna Es/Nt for 2x2 cases with TU 3km/h channel

Table A1 – Coding rate relaxation with Power boosting for Npayload=38 bits (5 MHz)
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0.0 1/300 190 1/10 231 1/12.1

1.0 1/238 171 1/9 214 1/11.3

2.0 1/189 158 1/8.3 200 1/10.5

3.0 1/150 147 1/7.7 190 1/10

4.0 1/120 138 1/7.3 181 1/9.5

5.0 1/95 131 1/6.9 174 1/9.2

6.0 1/75 126 1/6.6 169 1/8.9

95%-ile ACR 98%-ile ACR


Ptotal = 43dBm, Case 3, TU 3km/h channel, 2x2, n=2
ANNEX B – Max #Detection Attempts of L1/L2 CCHs

The RE allocation for Reference symbols (RS), L1/L2 CCHs and UL ACK/NACKs is given by Table B1.

Table B1 – Control RE Allocation for n=2, (5 MHz carrier example)
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Description

Type (#REs)

L1L2 CCHs 468 - 13 Control channel elements (CEs) of size 36 REs

UL ACK/NACK 32 - Orthogonal coding can be used (CDM)

Cat0 L3 Signaling* - CE patterns for DL and UL, 

n

RS - 2 antennas 100 - 2 TX antenna overhead but only 1 TX antenna link used**

Total 600  

*L3 used in example but other 'Cat0' signalling possibilities exist (e.g. n could be broadcast in control region)
** Note 50 REs were not used since (1x2) was simulated but 100 REs were reserved for DL RS (2x2).

ANNEX C –L1/L2 CCH System Simulation Performance Results

Here we present some system evaluation for case 3 with 5MHz carrier on the proposed CCH implementation (13CE with 36 REs each). Assume there is 1dB CQI estimation error on each subcarrier. Simulation assumptions are given in Table D1. The performance with perfect and bitmap CQI feedback with or without CCH modeling is given in Figure 5. It is clear that with practical channel estimation and feedback assumption, the proposed CCH implementation with 13CE brings negligible performance loss.
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Figure 5 – T-put: Case3 with 5MHz Carrier, 1dB CQI Est. Error, w/wo CCH modeling
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Figure 6 – Fairness: Case 3 with 5 MHz Carrier, 1dB CQI Est. Error, w/wo CCH modeling

Table C1 - System Simulation Assumptions

	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Distance-dependent path loss
	L=128.1 + 37.6log10(.R), R in kilometers

	Lognormal Shadowing
	Similar to UMTS 30.03, B 1.41.4 

	Shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	50 m  (See D,4 in UMTS 30.03)

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	System Evaluation Scenario
	Case 3 (1732m ISD, 20dB penetration loss, 5MHz BW)

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	Channel model
	6-ray GSM Typical Urban (TU)

	Total BS TX power (Ptotal)
	43dBm and 46dBm

	Antenna Bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
	


	Users dropped uniformly in entire cell
	


	Minimum distance between UE and cell
	35 meters

	AMC
	ON  (2/3<MCS<5)

	HARQ
	IR with N=6 stop-and-wait HARQ protocol

	OFDM symbols (Data symbols) per subframe
	7 (5)

	Scheduler
	PF (both in time and frequency domain)

	Link Mapping
	EESM

	E-UTRA BS Transmitter  x UE Receiver
	1x2  (note DL RS overhead assumed 2 TX antenna)

	Other Cell interference
	Depends on the power profile used
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				#CE		Effective Encoding Rate (R) for CCHs

				Aggregated		UL Non-Persistent		DL Non-Persistent

				(36 RE each)		(Npayload=38 bits)		(Npayload=46 bits)

				1		0.528		0.639		DL MCS,  R ~ 2/3

		UL MCS    R ~1/2		2		0.264		0.319				CEs combined to achieve lower Effective R
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		Control/Reference		NRE		Description

		Type		(#REs)

		L1L2 CCHs		468		- 13 Control channel elements (CEs) of size 36 REs

		UL ACK/NACK		32		- Orthogonal coding can be used (CDM)

		Cat0		L3 Signaling*		- CE patterns for DL and UL, n

		RS - 2 antennas		100		- 2 TX antenna overhead but only 1 TX antenna link used**

		Total		600
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		(dB)

		0.0		1/300		190		1/10		231		1/12.1

		1.0		1/238		171		1/9		214		1/11.3

		2.0		1/189		158		1/8.3		200		1/10.5

		3.0		1/150		147		1/7.7		190		1/10

		4.0		1/120		138		1/7.3		181		1/9.5

		5.0		1/95		131		1/6.9		174		1/9.2

		6.0		1/75		126		1/6.6		169		1/8.9
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